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Thesis Summary 
 
In this thesis, I theoretically investigate thermodynamic properties of an ultracold Fermi gas. 
Including pairing fluctuations within the framework of the theory developed by Nozières and 
Schmitt-Rink (NSR), I examine strong-coupling corrections to the internal energy, as well as the 
specific heat at constant volume CV, over the entire BCS (Bardeen-Cooper-Schrieffer)-BEC 
(Bose-Einstein condensation) crossover region. Using the similarity between a superfluid Fermi gas 
in the unitary regime and the crust regime of a neutron star interior, I also show an application of 
the former atomic system as a quantum simulator for the study of the latter.  
 
In the normal state of an ultracold Fermi gas, CV is found to be sensitive to pairing fluctuations. 
From the detailed temperature dependence of CV, I identify the region where pairing fluctuations 
dominate over the system, as well as the region where most atoms form bound molecules, in the 
phase diagram with respect to the strength of a pairing interaction and the temperature.  
  
Although properties of the crust regime of a neutron star is expected to be similar to a superfluid 
Fermi gas in the unitary regime far below Tc, one cannot immediately use results obtained in the 
latter for the study of the former, because the magnitude of the effective range reff is very different 
between the two. That is, while reff is negligibly small in ultracold Fermi gases, one cannot ignore 
reff =2.7 fm in the neutron star case. In this thesis, I theoretically make up for this difference, to 
examine the neutron star equation of state (EOS). For this purpose, I first show that the NSR 
internal energy agrees well with the recent experiment on a superfluid 6Li Fermi gas far below Tc. I 
then extend this theory, to include the non-vanishing effective range reff =2.7 fm. The calculated 
EOS by this extended NSR scheme is found to well reproduce previous results in the low-density 
regime, obtained in nuclear physics. This agreement indicates the validity of a superfluid Fermi gas 
as a quantum simulator for the study of the low-density crust regime of a neutron star interior. 
 
 
